Sulfido ligands in Fe/S*/Lclusters, where S* denotes inorganic core sulfur-atoms and L terminal ligands, can usually be replaced by selenide without change of the cluster type. Core atom S/Se substitution occurs, for example, in [ 2~ (L = SPh, S-p-MeC 6 H 4 , 1/2 1,2-(SCH 2 ) 2 C 6 H 4 [3] ; 1/2 2,2'-bis(thiophenolate), SePh [4] ; Cl [5] ; 1/2 Se 5 [6] ; NO [7] ), [Fe 2 Se 2 (CO) 6 ] 2 ' (in solution) [7] , [Fe 2 4 Se 4 L 4 ]"-(n = 2: L = SPh [12, 13] ; S-r-Bu, SePh [13] ; S-p-MeC 6 H 4 [14] ; SCH 2 CH 2 OH [15] ; 1/2 (SCH 2 CH 2 ) 2 S [16] ; 0-2,6-Me 2 C 6 H 3 [10] ; n = 3: L = S-p-MeC 6 H 4 [14] ), [Fe 4 Se 4 (CO) 12 ] 0,+ [17] , and [Fe 4 2 - [13] , and [Fe 4 Se 4 (CO) 12 ] [17] have been described in detail.
Related products from high-temperature syntheses are Na 3 FeSe 3 [20] (isolated [Fe 2 Se 7 ] 6_ groups).
In the present paper we report on the preparation and properties of the hexanuclear iron-selenidethiolate clusters [Fe 6 Se 9 (SR) 2 ] 4 " (R = Me, CH 2 Ph) and on the structure of (PhCH 2 NEt 3 ) 4 [Fe 6 Se 9 (SMe) 2 ]. A preliminary report on our results [25] and a brief note on [Fe 6 Se 9 (SEt) 2 ] 4~ by others [26] have appeared earlier. Analogous sulfide complexes with R = r-Bu, Ph [27, 28] , CH 2 Ph [29, 30] , Me [30] , and Et [30, 31] , as well as the mixed-terminal-ligand complex [Fe 6 S 9 (SCH 2 CH 2 OH)Cl] 4- [32] are known.
Experimental Part

Syntheses and physicochemical measurements
All preparations were carried out under an atmosphere of pure nitrogen in gloveboxes and Schlenk-4 ' Clusters type apparatus. Physicochemical measurements were performed under nitrogen or in vacuo. Experimental details on the determination of UV/VIS, infrared, 'H NMR, and magnetic properties are given elsewhere [30] . Cyclic voltammograms were measured with the Potentioscan Wenking POS 73 from Bank Elektronik combined with a Kipp & Zonen BD 90 recorder and a Keithley Model 177 microvolt multimeter. A three-electrode arrangement consisting of a platinum working and a platinum auxiliary electrode and a saturated calomel electrode (SCE) was used. The scan speed was 100 mV/s.
A suspension of a polyselenide of the composition Na 2 Se 2 was used in the preparation of the cluster anions and was prepared as follows: 2.37 g (30 mmol) of powdered black selenium and 0.76 g (33 mmol, 10% excess) of sodium metal cut to thin pieces were added to 50 ml of N,N-dimethylformamide. The reaction mixture was stirred and slowly heated. At ca. 100 °C a vigorous reaction occurred resulting in the formation of a red air-sensitive slurry which was stirred at 100 °C for additional 2 h and then cooled to room temperature.
(PhCH 2 NEt 3 ) 4 [Fe 6 Se 9 (SMe) 2 ] (1): 3.15g (45mmol) of NaSMe (preparation: [30] ) were dissolved in 100 ml of methanol. To the stirred solution 2.43 g (15 mmol) of FeCl 3 dissolved in 50 ml of methanol were added dropwise, and the resulting dark-green precipitate of ferric mercaptide was stirred for Vzh. Subsequently, the "Na 2 Se 2 " slurry (see above) was added in small portions whereby a deep brown solution formed. After stirring overnight, the solution was filtered. The filtrate was treated with a solution of 2.73 g (12 mmol) of [PhCH 2 NEt 3 ]Cl in 50 ml of methanol. After standing at ambient temperature for 3 days, the solution contained black crystal plates of 1 which were collected on a glass filter, washed with methanol and dried in vacuo; yield 3.4 g (71%). The crystals had sufficient size and quality for X-ray structural analysis. (2): The preparation of 2 proceeded similarily to that of 1. Instead of NaSMe, 1.03 g (45 mmol) of sodium and 5.28 ml (45 mmol) of benzyl mercaptan were dissolved in 100 ml of methanol. After addition of FeCl 3 in methanol, addition of the "Na 2 Se 2 " slurry, stirring overnight, and filtration, the deep brown filtrate was treated with 1.99 g (12 mmol) of [Et 4 N]Cl in 50 ml of methanol. After the solution had stood at ambient temperature for 2 days, black microcrystalline 2 had precipitated. The solution was held at 5 °C for the following 16 h and then filtered through a glass filter. The product was washed with tetrahydrofuran to remove (PhCH 2 S) 2 and with methanol and dried in vacuo; yield 3.5 g (77%). Caution! 2 can ignite when brought into contact with air. For the same reason filter residues from Fe/Se/SR reaction mixtures should be handled carefully.
X-ray structure determination
A single crystal of 1 fixed on the top of a glass capillary by a trace of silicone grease was held at 140 K in a stream of cold nitrogen. At this temperature the orientation matrix and the unit cell dimensions were determined from a least-squares fit of the positions of 15 centered reflexions (20° <26 < 30°). The unit cell dimensions and their standard deviations are given in Table I together with other details of the structure determination.
An empirical absorption correction, taking into account the extremely plate-like crystal shape, and The space group could be unambiguously determined as P2i/c. The structure was solved using direct methods (MULTAN). In the course of the following least-squares refinements and difference Fourier syntheses it became obvious that the phenyl rings of the cations are affected by disorder. Therefore, they were refined as rigid groups of idealized geometry (C-C distances 1.395 Ä, C-C-C angles 120.0°). All hydrogen atoms were calculated in idealized positions and were given fixed isotropic temperature factors (U = 0.065 Ä 2 ). Final refinement cycles with anisotropic temperature factors for the Fe, Se and S atoms and isotropic temperature factors for the C and N atoms converged to R = 0.092 and R w = 0.075. Atomic scattering factors for spherical neutral free atoms (Fe, Se, S, C, and N) and bonded atoms (H) as well as anomalous scattering contributions of the non-hydrogen atoms were taken from the International Tables [33] . All calculations were performed on a Data General Eclipse S/200 computer using Syntex-EXTL and SHELXTL program packages.
The final positional and isotropic thermal parameters are given in Table II. Table III contains bond lengths and angles within the cluster anion. Supplementary material (coefficients of the anisotropic temperature factors, bond lengths and angles within the cations, a list of observed and calculated structure factors) has been deposited with the Fachinformationszentrum Energie, Physik, Mathematik, D-7514 Eggenstein-Leopoldshafen 2, and may be obtained by quoting the deposition number CSD 52344, the authors, and the literature citation.
Results and Discussion
Synthesis
The [Fe 6 Se 9 (SR) 2 ]
4-clusters (R = Me, CH 2 Ph) are formed on treatment of Fe(SR) 3 with an equimolar amount of a polyselenide of the composition "Na 2 Se 2 ". The reaction presumably proceeds according to the equation 6 Fe(SR) 3 + 6 Na 2 Se 2 Na 4 [Fe 6 Se 9 (SR) 2 ] + 2 NaSR + 3 Na 2 Se + 7 RSSR. Fe(l) Fe (2) Fe (3) Fe (4) Fe (5) Fe (6) Se(l) Se (2) Se (3) Se (4) Se (5) Se (6) Se (7) Se (8) Se (9) S(l) S(2) After addition of appropriate tetraalkylammonium salts to the filtrates of the reaction mixtures, the black crystalline compounds (PhCH 2 NEt3)4[Fe 6 Se 9 (SMe)2] (1) and (Et 4 N)4 [Fe 6 Se9(SCH 2 Ph)2] (2) precipitated in 71 and 77% isolated yield, respectively. With Na 2 S 2 instead of "Na 2 Se 2 ", this "dichalcogenide method" proved to be useful for the preparation of [Fe 6 S 9 (SR) 2 ] 4_ complexes [29, 30] . Analogous attempts to prepare hexanuclear telluride clusters were unsuccessful.
X-ray structure of 1
Crystals of 1 consist of isolated PhCH 2 NEt 3 + cations and [Fe 6 Se 9 (SMe) 2 ] 4~ anions. The structural data of the cations are of low precision. A reasonable structural model could only be obtained by rigidbody treatment of the phenyl rings. However, the principal geometry of the cations is as expected and does not call for further comment.
The [Fe 6 Se 9 (SMe) 2 ] 4_ anion, shown in Fig. 1 , has essentially the same iron and chalcogen atom arrangement that has been found and discussed in detail for analogous sulfide complexes [27] [28] [29] [30] [31] [32] , The main features are:
i) The core chalcogenide and the thiolate sulfur atoms are situated above and below the nearly planar ii) The iron atoms are surrounded by four selenium atoms (Fe(2), Fe(3), Fe(4), Fe (5)) and three selenium atoms plus one sulfur atom (Fe(l), Fe(6)), respectively, in distorted tetrahedral arrangements. The bond angles at the iron atoms range from 101. iii) The selenido ligands in the [Fe 6 Se 9 ] 2_ core are present as ju, /u 3 and bridges with average Fe-Se distances of 2.348, 2,389 and 2.436 Ä, respectively.
As the X-ray structures of both [Fe 6 S 9 (SMe) 2 ]
4_ and [Fe 6 Se 9 (SMe) 2 ] 4~ are known, the structural effectes of sulfide/selenide core-atom substitution on Se (7) Se (3) Se (6) Se ( cluster anion in crystals of 1 (thermal ellipsoids with 70% probability). Table IV shows that the mean Fe -Fe distance increases by only 0.059 Ä on going from X = S to X = Se, though the increase in the Fe -X distances is about twice as large. This effect is caused by the simultaneous decrease of the Fe-X-Fe bridging angles. Thus, the Fe 6 frame is only slightly influenced by the S/Se replacement.
There are some interesting structural relations between certain isolated Fe/Se/SR complexes and infinite Fe/Se chain and layer structures. [ 2~ chains, but also in the layer structure of the tetragonal FeSe in which all Se atoms are /u A bridging [23] . Other parts of the [Fe 6 Se 9 (SMe) 2 ] 4~ cluster, namely certain
